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(57) Abstract: 

PURPOSE: To provide a layered piezoelectric actuator 
that prevents cracks tliat cause its breakdown and has a 
long life when driven repeatedly by suppressing the 
concentration of stress when it is driven. 

CONSTITUTION: A pillar shaped layer body 1 is formed 
by stacking piezoelectric ceramic layers 2 and internal 
electrode layers alternately, Internal electrodes that 
hold the piezoelectric ceramic layer in between comprise 
first interna! electrode layers 3a and second internal 
electode layers 3b, and each of a first external 
electrode that connects the first internal electrodes 
and a second external electrode that connects the second 
internal electrodes are formed on the outer surface of 
the pillar type layer body 1 spirally. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the laminating type electrostrictive actuator used for precision position 
controls, high-speed position controls, etc., such as an X-Y stage, about a laminating type electrostrictive actuator. 
[0002] 

[Description of the Prior Art] From the former, what used the laminating type ceramic capacitor and the analogous intemal 
electrode as the partial electrode is known as structure of a laminating type electrostrictive actuator. Drawing 5 shows the 
perspective diagram of such a conventional laminating type electrostrictive actuator, and the sign 1 shows the pillar-shaped 
layered product. This pillar-shaped layered product 1 carries out the laminating of two or more piezo-electric ceramic layers 2 
and two or more internal-electrode layers by turns, and is constituted, and the internal-electrode layer which pinches the 
piezo-electric ceramic layer 2 internal-electrode [ 1st ] layer 3a Reaches, and consists of 2nd intemal- electrode layer 3b. 
These internal-electrode [ 1st ] layer 3a Reach, and 2nd internal-electrode layer 3b is formed in the shaft orientations of the 
pillar-shaped layered product 1 by turns. 

[0003] And 1st internal-electrode layer 3a is electrically connected by the 1st external electrode 6 formed in the periphery 
side of the pillar-shaped layered product 1, and 2nd internal-electrode layer 3 b is electrically connected by the 2nd external 
electrode 7 formed in the periphery side of the pillar-shaped layered product 1 . Moreover, it internal-electrode [ 1st ] layer 3 a 
Reaches, and 2nd internal-electrode layer 3b is not formed in some front faces of the piezo-electric ceramic layer 2, but let it 
be the non-polar zone 9. The portion (activity portion A) which such 1st internal-electrode layer 3a and 2nd internal-electrode 
layer 3 b counter, and the portion (inert segment part B) which does not counter are formed, and when the activity portion A 
impresses voltage to intemal electrodes 3a and 3b, it displaces, the [ the 1st external electrode 6 and ] — the 2 external 
electrode 7 — the direction of a laminating of the pillar-shaped layered product 1 — and it is formed linearly 
[0004] In suph a laminating type electrostrictive actuator, since intemal electrodes 3a an4 3b and the external electrodes 6 and 
7 are connectable the whole monostromatic, it has the feature to which an electrode formation process can make a 
manufacturing cost cheap very few. 
[0005] 

[Problem(s) to be Solved by the Invention] However, although the activity portion A was displaced in the above laminating 
type electrostrictive actuators when voltage impression was carried out as shown in dr awing 6 , the mechanical deflection 
arose and the inert segment part B had the fault of occurring and being easy to destroy stress concentration, when voltage 
impression was repeated, in order that a variation rate might not occur but the inert segment part B might suppress the 
variation rate of the activity portion A. 

[0006] Moreover, in the conventional laminating type electrostrictive actuator, stress concentration became remarkably large 
as it became the both ends of the direction of a laminating from the center section of the pillar-shaped layered product 1, 
when the number of laminatings was increased in order to obtain a big variation rate since the displacement direction and the 
formation direction of the external electrodes 6 and 7 were in agreement, and there was ia problem of being easy to damage 
these both ends in ablation etc. For this reason, the number of laminatings was restricted and there was a problem that a big 
variation rate was hard to be obtained. 

[0007] By suppressing the stress concentration generated at the time of a drive in view of this conventional trouble to the 
minimum, this invention prevents generating of the crack used as the cause of destructive, and aims at offering the long 
laminating type electrostrictive actuator of a life which does not result in destruction to the slight hauling force at the time of 
a drive, or the bending moment further, 
[0008] 

[Means for Solving the Problem] While the laminating type electrostrictive actuator of this invention carries out the 
laminating of two or more piezo-electric ceramic layers and two or more internal-electrode layers by turns and forms a pillar- 
shaped layered product It constitutes from 2 internal-electrode layers, the internal-electrode layer which pinches the 
aforementioned piezo-electric ceramic layer ~ the [ the 1st internal-electrode layer and ] — It comes spirally to form in the 
periphery side of the aforementioned pillar-shaped layered product the 2nd external electrode which connects electrically the 
1st external electrode and the aforementioned 2nd internal-electrode layers which connect the aforementioned 1st internal- 
electrode layers electrically, respectively. 
[0009] 

[Function] Since the external electrode which connects an intemal electrode electrically is spirally formed in the periphery 
side of a pillar-shaped layered product in the laminating type electrostrictive actuator of this invention. The formation 
directions of the displacement direction of a laminating type electrostrictive actuator and an external electrode will differ. 
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moreover, the non-polar zone which the end section of an internal electrode does not expose to the periphery side of a pillar- 
shaped layered product - the periphery side of a pillar-shaped layered product - every monostromatic - being spiral (un- 
parallel to the direction of a laminating) ~ it will be formed and generating stress can be distributed, like structure before, big 
stress concentration is imitated to one place, and there is no ****** in it 
[0010] 

[Example] The laminating type electrostrictive actuator of this invention is explained in detail using a drav^ing. D rawing 1 
shows one example of the pillar-like laminating type electrostrictive actuator of this invention, and the sign 1 shows the 
pillar-shaped layered product. This pillar-shaped layered product 1 carries out the laminating of two or more piezo-electric 
ceramic layers 2 and two or more intemal-electrode layers by turns, and is constituted, and the internal-electrode layer which 
pinches the piezo-electric ceramic layer 2 internal-electrode [ 1st ] layer 3 a Reaches, and consists of 2nd internal-electrode 
layer 3b, These intemal-electrode [ 1st ] layer 3a Reach, and 2nd internal-electrode layer 3b is formed in the shaft 
orientations of the pillar-shaped layered product 1 by turns. 

[001 1] The piezo-electric ceramic layer 2 consists of ceramics of for example, a PZT system, and the internal-electrode layers 
3a and 3b are formed with silver. 

[0012] And 1st intemal-electrode layer 3a is electrically connected by the 1st external electrode 6 formed in the periphery 
side of the pillar-shaped layered product 1, and 2nd internal-electrode layer 3b is electrically connected by the 2nd extemal 
electrode 7 formed in the periphery side of the pillar-shaped layered product 1 . the [ these 1 st extemal electrodes 6 and ] - 
the 2 extemal electrode 7 — the periphery side of the pillar-shaped layered product 1 ~ being spiral (un-parallel to the 
direction of a laminating) — it is formed 

[0013] That is, it internal-electrode [ 1st ] layer 3a Reaches, and 2nd intemal-electrode layer 3b will not be formed in some 
front faces of the piezo-electric ceramic layer 2, but will be made into the non-polar zone 9, and this non-polar zone 9 will be 
formed spirally, if it puts in another way - the connection of intemal electrodes 3a and 3b and the extemal electrodes 6 and 7 
- the periphery side of the pillar-shaped layered product 1 ~ little by little a position - changing ~ being spiral (un-parallel 
to the direction of a laminating) - it is formed 

[0014] Such a laminating type electrostrictive actuator carries out the laminating of the electrostrictive ceramics layer 2 to 
one side of the electrostrictive ceramics layer 2 through a glass paste layer, gives pressurization heat-treatment to it at the 
temperature which glass fuses, and forms the pillar-shaped layered product 1 in it so that a silver electrode material may be 
baked, the intemal-electrode layers 3a and 3b may be formed with the non-polar zone 9 which is not exposed in the end-face 
section and the non-polar zone 9 may be rotated 180 degrees respectively spirally the whole layer after that. 
[0015] And respectively, a conductive EPOSHIKI system paste is spirally applied to the periphery side of the pillar-shaped 
layered product 1 which internal electrodes 3a and 3b exposed for every monostromatic, and is heat-treated to it, the extemal 
electrodes 6 and 7 which carry out parallel connection of the intemal electrodes 3a and 3b electrically the whole 
monostromatic are formed in it, and the laminating type electrostrictive actuator of this invention is obtained by performing 
polarization processing after this. 

[0016] In the laminating type electrostrictive actuator constituted as mentioned above Since the extemal electrodes 6 and 7 
which connect intemal electrodes 3 a and 3b electrically are spirally formed in the periphery side of the pillar-shaped layered 
product 1, The non-polar zone 9 which the end section of intemal electrodes 3 a and 3 b does not expose to the periphery side 
of the pillar- shaped layered product 1 will be spirally formed in the periphery side of the pillar-shaped layered product 1 the 
whole monostromatic. The formation directions of the displacement direction of a laminating type electrostrictive actuator 
and the extemal electrodes 6 and 7 can differ, generating stress can be distributed, like structure before, big stress 
concentration is imitated to one place, and there is no ****** in it. 

[00 17] The * * type view of the variation rate produced when voltage is impressed to draw ing. 2 at the laminating type 
electrostrictive actuator of this invention is shown. It tums out that stress does not concentrate but it is distributing rather than 
the conventional example shown in d rawin g 6 so that I may be understood also from this drawin g 2 . 

[0018] Moreover, between the piezo-electric ceramic layers 2 is not fractured to the weak hauling force or the weak bending 
moment which are generated at the time of a drive since it joins completely with a glass paste, and reliability improves by 
leaps and bounds, 

[0019] The result which analyzed the maximum principal stress to the laminating number of sheets of the laminatmg type 
electrostrictive actuator of this invention shown in dr awing 1 and the conventional laminating type electrostrictive actuator 
shown in draw ing 5 to drawin g 3 using the finite element method is shown. According to this dr awing 3 , with the actuator of 
this invention, the more it makes [ many ] laminatmg number of sheets, even if it increases laminating number of sheets, the 
more it turns out with the conventional actuator that there are very few increases in the maximum principal stress, it is hard 
coming to fracture them, and the long laminating type electrostrictive actuator of a life is obtained to the maximum principal 
stress at the time of a drive becoming remarkably large, and becoming easy to fracture. That is, as shown in drawiiig .2 , stress 
concentration used as the source of destmction can also be made small by changing the state of a mechanical deflection and 
makuig it small. 

[0020] In addition, the laminating of two or more units which consist of a laminating type electrostrictive actuator of this 
invention may be carried out to shaft orientations, and adhesion fixation of these units may be carried out on the whole 
surface of a contact interface. 
[0021] this invention person etc. is a book. 

[0022] the example 1 of an experiment - first - titanic-acid lead zirconate Pb(ZrTi) 03 The electrostrictive ceramics which 
consists of a system was produced the diameter of 18mm, and in the shape of [ of 0.35mm of board thickness ] a disk, with 
the non-polar zone which is not exposed on the one side at the end-face section, the silver electrode material was baked and 
the internal electrode was formed. Then, the laminating of the electrostrictive ceramics was carried out through the glass 
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paste layer, pressurization heat-treatment for about 20 minutes was given at the temperature of 550 degrees C which glass 
fuses, and the pillar-shaped layered product of 140 layers was obtained so that the non-polar zone might be spirally rotated 
180 degrees respectively the whole layer from one layer to 140 layers. 

[0023] The conductive EPOSHIKl system paste was respectively applied to the periphery side of the pillar-shaped layered 
product which the internal electrode exposed for every monostromatic, the external electrode which hardens on 180-degree-C 
conditions of 1 hour, and carries out parallel connection of the internal electrode electrically the whole monostromatic was 
formed in it, and polarization processing was performed after this. 

[0024] And when the pressurization of 1 OkPa(s) was applied to the shaft orientations of the obtained laminating type 
electrostrictive actuator and the voltage of DCS 00 V was impressed, the variation rate of 48 micrometers was obtained. It is 
108 as a result of carrying out a continuation drive by the triangular wave with a frequency [ of 0-300 V ] of 20Hz under the 
aforementioned condition. Property degradation of generating displacement was not accepted in the time. 
[0025] On the other hand, the laminating type electrostrictive actuator of 140 layers of structure was produced conventionally 
which is shown in drawing 1 using the electrostrictive ceramics layer mentioned above. It experimented like the above using 
this conventional laminating type electrostrictive actuator. Although the variation rate of 48 micrometers was obtained to 
voltage impression of DC300V, it sets to a continuation drive, and it is about 104-106. The variation rate fell rapidly in the 
time and it resulted in destruction. 

[0026] Therefore, in this example, it turns out that the reliability over a continuation drive is conventionally improved greatly 
compared with structure. 

[0027] Example of experiment 2 titanic-acid lead zirconate Pb(ZrTi) 03 The electrostrictive ceramics which consists of a 
system was produced 10mm angle and in the shape of [ of 0.35mm of board thickness ]****, the silver electrode was burned 
with the non-polar zone which is not exposed on the one side at the end-face section, and the internal electrode was formed. 
Each class, the position of ** is shifted and the same non-polar zone also as the side which counters is spirally formed the 
whole monostromatic so that the non-polar zone may be formed on the diagonal line in the layered product side spirally for 
every monostromatic. 

[0028] The pillar-shaped layered product of 70 layers which has such structure was produced, the external electrode was 
spirally formed in the portion which the internal electrode exposed for every monostromatic, and parallel connection of the 
internal electrode was carried out electrically the whole monostromatic. Such two laminating type electrostrictive actuators of 
70 layers were produced, these were joined to shaft orientations with two-piece glass, the external electrode of two more 
laminating type electrostrictive actuators was connected electrically, and polarization processing was performed after that. 
[0029] Explanatory drawing of this state is shown in drawing 4 ■ In this drawing 4 , the sign 13 shows the laminating type 
electrostrictive actuator of one unit, and these laminating type electrostrictive actuators 13 are joined with glass. 
[0030] When the pressurization of lOkPa(s) was applied to the shaft orientations of the obtained laminating type 
electrostrictive actuator and the voltage of DC300V was impressed, the variation rate of 47 micrometers was obtained. It is 
108 as a result of carrying out a continuation drive by the triangular wave with a frequency [ of 0-300V ] of 20Hz under the 
aforementioned condition. Property degradation of generating displacement was not accepted in the time. 
[0031] 

[Effect of the Invention] Since this invention is formed to the periphery side of a pillar-shaped layered product spirally [ the 
external electrode which connects an internal electrode electrically ] as explained above, The formation directions of the 
displacement direction of a laminating type electrostrictive actuator and an external electrode will differ. Moreover, the non- 
polar zone which the end section of an internal electrode does not expose to the periphery side of a pillar-shaped layered 
product will be spirally formed in the periphery side of a pillar-shaped layered product the whole monostromatic. Generating 
stress can be distributed, big stress concentration is imitated to one place like structure before, there is no ******, the stress 
concentration generated at the time of a drive can be suppressed to the minimum, and the destructive phenomenon at the time 
of a repeat drive can be improved sharply. So, a reliable laminating type electrostrictive actuator can be offered. 



[Translation done.] 
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